Bolivians. Asai et al. reported that GBC development in Bolivians was related to genetic and environmental factors, specifically mutations in tumor protein p53 (TP53) and K-ras (Asai et al., 2014) . Thus, both environmental and genetic factors are important in GBC development in Bolivians. Early studies of mechanisms underlying cancer development mainly investigated environmental factors. However, cancer development is affected by both environmental and hereditary factors (Srivastava et al., 2011; Booth et al., 2012; Songserm et al., 2014) . Current evidence indicates that gene-environment interaction is important in understanding cancer development, because cancer risk due to environmental risks is modified by mutations of environmental factor-related genes.
We conducted case-control studies to identify genetic risk factors for GBC in Japan (Tsuchiya et al., 2007) , Hungary (Kimura et al., 2008) , and Chile (Tsuchiya et al., 2010) . These studies investigated frequencies of genetic polymorphisms in metabolic detoxification and cell cycle control and found that the presence of the G allele of the cytochrome P450 1A1 (CYP1A1) rs1048943 polymorphism is related to increased risk of GBC in Japanese and Hungarian women. Asai and colleagues (Asai et al., 2014) reported that the development of GBC in Bolivians is associated with both exogenous carcinogens and endogenous mechanisms, thus, this genetic polymorphism may be related to GBC development in Bolivians.
We hypothesized genetic polymorphisms of metabolic detoxification enzymes and a tumor suppressor gene increase GBC risk in Bolivians. In this study, we assessed the associations of genetic polymorphisms of CYP1A1 rs1048943 (a phase I enzyme), glutathione S-transferase mu 1 (GSTM1) and theta 1 (GSTT1) (Phase 2 enzymes), and TP53 rs1042522 with GBC risk in Bolivians.
Materials and Methods

Study subjects
In this case-control study, the cases were 32 patients with GBC (13 men and 19 women; mean age ± SD, 58.6 ± 10.6) diagnosed by histological examination of tissue at the Instituto de Gastroenterologia Boliviano-Japones (IGBJ), in La Paz, Bolivia. The controls were 86 medical and office staff (33 men, 53 women; mean age ± SD, 44.0 ± 12.3) working at the IGBJ.
Informed consent was obtained from all subjects, and the study protocol was approved by the ethics committee of the IGBJ and Niigata University of Health and Welfare.
DNA extraction and storage
Samples (2 ml) of peripheral blood were collected from cases and controls at the IGBJ and used in the DNA assay. Genomic DNA was extracted from each sample using the QuickGene-810 nucleic acid isolation system (Wako Pure Chemical Industries Ltd., Osaka, Japan) and a standard commercial kit (DNA Extractor WB-rapid, Wako Pure Chemical Industries). The extracted DNA samples were dissolved in TE buffer and stored in a freezer at −80°C until genetic polymorphism analyses were performed.
Genotype analysis
CYP1A1 rs1048943 polymorphism was analyzed by a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay using restriction enzyme BsrDI (Gaspar et al., 2002) . GSTM1 and GSTT1
were analyzed by multiplex PCR assay (Eroglu et al., 2015) . TP53 rs1042522 polymorphism was analyzed by a PCR-RFLP assay, using the restriction enzyme BstUI (Zając et al., 2014) . DNA was amplified using a thermal cycler (PE 9700, Applied Biosystems, Foster City, Ca, USA), with a final reaction volume of 20 μL. For quality control, all genotyping assays were examined by two authors, who verified that the results were consistent.
Statistical analyses
Differences in genotypic frequency between the cases and controls were evaluated by using the χ 2 test or Fisher's exact test. The Hardy-Weinberg equilibrium (HWE) was tested for each polymorphism by the Pearson's χ 2 test among controls. Age-adjusted and age-and sex-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression coefficients. All statistical analyses were performed by using STATA version 14 (STATA Corporation, College station, TX). All P values were two-sided, with those less than 0.05 considered statistically significant.
Results
Data from 32 cases and 86 controls were analyzed. The distribution of each genotype agreed with the controls in Hardy-Weinberg equilibrium. As expected, the mean age of the groups significantly differed (58.6 ± 10.6 years for cases vs 44.0 ± 12.3 years for controls). The proportion of women was similar in the two groups: 56.2% (18/32) of cases and 61.6% (53/86) of controls. Table 1 shows the associations of genetic polymorphism of CYP1A1, GSTM1, GSTT1, and TP53 with GBC risk in Bolivians. The frequency of null type GSTM1 was significantly higher among the cases than the controls (OR, 2.35; 95%CI, 1.03-5.37). The age-adjusted OR (3.53; 95%CI, 1.29-9.66) and age-and sex-adjusted OR (3.40; 95%CI, 1.24-9.34) were also significant. However, no significant differences were found for the CYP1A1 rs1048943, GSTT1, or TP53 rs1042522 polymorphisms. Table 2 shows the associations of allelic frequencies of CYP1A1 rs1048943 and TP53 rs1042522 polymorphisms with GBC risk. The frequency of the G allele in CYP1A1 was 65.6% (42/64) among the cases and 69.2% (119/172) among the controls, a nonsignificant difference. Moreover, there was no significant difference in the frequency of the org/10.7314/APJCP.2016.17.2.781 CYP1A1, GSTM1, GSTT1 and TP53 Polymorphisms and Risk of Gallbladder Cancer in Bolivians C allele between the cases and the controls. Table 3 shows the associations of possible combinations of the GSTM1 and GSTT1 genotypes with GBC risk. Because we noted a relationship between null type GSTM1 and increased GBC risk, we studied the relationship of the combination of GSTM1 null and GSTT1 null genotypes with GBC risk. The frequency of the double-null genotype was 6.2% (2/32) among the cases and 9.3% (8/86) among the controls, a nonsignificant difference.
Discussion
This case-control study revealed that the GSTM1 null genotype is associated with increased GBC risk in Bolivians. However, cases and controls did not significantly differ in genono significant differences in genotype frequencies of CYP1A1 rs 1048943, GSTT1, or TP53 rs 1042522 were found between the cases and the controls.
A previous study found two key pathways in GBC development: a TP53-inactivation pathway and a K-ras-mutation pathway (Wistuba and Gazdar, 2004) . This suggests that the pathogenic mechanisms of GBC cannot be adequately explained by environmental factors and that gene-environment interaction is important in understanding this mechanism.
Although the incidence rate of GBC is high in Bolivia, GBC pathogenesis has not been adequately studied in that population. Although some putative risk factors for GBC in Bolivians have been identified, the mechanism of GBC development cannot be explained by these factors alone. Our recent study suggested that genetic factors were important for GBC development in Bolivians. However, no such factors have been identified.
The present study was designed as a preliminary study of genetic factors associated with GBC in Bolivians. More specifically, we investigated associations of genetic variants for metabolic detoxification and cell cycle control with GBC risk in Bolivians. We chose to focus on these genetic polymorphisms because our previous studies of Japanese and Hungarians yielded evidence of associations between CYP1A1 polymorphism and increased GBC risk. In the present study, presence of the GSTM1 null genotype significantly increased GBC risk. This suggests that an unknown environmental chemical is related to GBC development and that the process of detoxifying this chemical is important in GBC pathogenesis. In other words, GBC may be more likely to develop among Bolivians with GSTM1 gene mutation.
GSTM1 is involved in expression of glutathione-S-transferases (GSTs) and encodes for a class mu GST involved in detoxification of polycyclic aromatic hydrocarbons (Hayes and Pulford. 1995) . GSTM1 is located on chromosome 1p13.3 and has high genetic diversity (Pearson et al., 1993) . A previous study reported that genetic diversity in GSTM1 was responsible for differences in human susceptibility to drugs, carcinogens, and environmental chemicals (Geisler and Olsham. 2001) . Another study found that the GSTM1 null genotype is associated with increased susceptibility to these chemicals and later, increased risk of cancer development (Lee and Christiani. 2010) .
Several studies have examined the association between GSTM1 genotype and cancer risk (Wang B et al., 2010; Wang J et al., 2011; Mandegary et al., 2011; Gu et al., 2014) , but the findings have been inconsistent, even for cancers of the same tissue. Furthermore, recent studies of the combined effect of GSTM1 and GSTT1 polymorphisms on the development of several diseases yielded inconsistent results (Lemos et al., 2008; Sobti et al., 2008; Piao et al., 2013) . Although our data showed that the GSTM1 null genotype increased GBC risk, no combined effect was observed. Nevertheless, to our knowledge this is the first study to show an association between the GSTM1 null genotype and increased GBC risk in Bolivians.
This study had limitations. First, our findings might not have reached conventional levels of statistical significance because the samples of GBC patients and healthy subjects were small. The results may therefore not reflect the actual genetic risk factors for GBC. Thus, our results require confirmation in a study with greater numbers of cases and controls. Second, differences in lifestyle factors, such as smoking and drinking, were not considered in this study. Despite these limitations, our result that the GSTM1 null genotype was associated with increased risk of GBC is not likely to be a chance finding. Furthermore, the association between CYP1A1 polymorphism and GBC risk, which was demonstrated in our previous studies of Japanese and Hungarians, was not observed in the present study, perhaps due to ethnic differences between populations. GBC prevalence exhibits marked geographic and ethnic variation; GBC is likely associated with regionally specific risk factors and genetic factors in Bolivians. When environmental risk factors for GBC in Bolivians were revealed by several studies, our finding will be contributed clarification of the mechanism of the development of the cancer. In summary, the GSTM1 null genotype was associated with increased GBC risk in Bolivians. GSTM1 is a critical detoxifying enzyme. Future case-control studies of the effects of environmental factors on GBC in Bolivians are likely to benefit from our finding regarding the underlying mechanism of GBC development in Bolivians. Although the present results require confirmation in a larger study, the GSTM1 null genotype appears to have a role in GBC development in Bolivians.
